Abstract. Cepheids are probably the most important standard candles known today, and accurate distances to Cepheids are a critical step in establishing the extragalactic distance scale and, therefore, in the accurate measurement of Ho-The present day situation is briefly reviewed and the potentially key role of the Gaia mission discussed.
THE EXTRAGALACTIC DISTANCE SCALE AND H 0
Cepheid distances lie at the heart of several HST extragalactic distance scale programs aiming at the determination of the Hubble constant Ho with an accuracy of at least 10%. For instance, the "mid-term" value of Ho = (73 ± 10) km/s/Mpc has been estimated by the HST key project team (Freedman et al. 1997 ) with a total uncertainty of about ±15 % using different distance estimators, the majority of which is closely tied to the Cepheid distance scale. The formal statistical errors due to these individual methods are quoted to be significantly less than 10 %, whereas the dominant contribution comes from systematic errors in the Cepheid distances themselves. These errors are likely to be reduced in later HST cycles by observing at infrared wavelengths. This underscores the importance of reducing the overall systematic errors common to all Cepheidbased calibrations. Most of these remaining errors are closely related to the determination of the LMC distance which basically sets the zero-point of the extragalactic distance scale arid constitutes a vital rung of the extragalactic distance ladder.
The most direct method to derive distances to stars is measuring their trigonometric parallaxes. However, stars in our nearest galaxy (the LMC) are too far away for the capabilities of present day direct techniques, and several indirect methods have therefore been devised to determine the LMC distance. Some of them are based on standard candles, other exploit alternative approaches.
Currently, Cepheids provide the most important distance markers, since they enable the determination of the LMC distance as well as the calibration of the majority of secondary distance estimators. However, distances to Cepheids in the LMC rely on specific correlations of suitable observables, i.e. the period-luminosity (PL) and/or period-luminosity-color (PLC) relations. At present, these relations can be calibrated by using only galactic Cepheids which basically set the zero-point of the galactic distance scale. Then, the crucial issue arises if these galactic correlations behave as universal ones, i.e., if they can also be applied to extragalactic Cepheids in parent galaxies of different metallicities. Unfortunately, the fundamental calibrations of PL relations available after Hipparcos do not appear to be able to address this issue, as shown by the remaining long standing problem related to an accurate determination of the LMC distance.
Feast &; Catchpole (1997) using a PL(V) relation, recalibrated according to the 26 most accurate trigonometric parallaxes of galactic Cepheids, derive a distance modulus of 18.70±0.10 mag and suggest a decrease of 10 % of the value of HQ mentioned earlier and based on the adopted LMC distance of 18.50 mag. Very recently, Oudmaijer et al. (1998) , recalibrating the same PL(V) relation with Lutz-Kelker corrections applied to the parallax measurements, obtained a distance modulus of 18.56 ± 0.08 mag to the LMC. However, Madore & Freedman (1998) adopting PL relations at six different wavelengths (BVIJHK) find that, depending on reddening and metallicity effects on the selected sample of Cepheids, the LMC distance modulus may range from 18.44 ± 0.35 to 18.57 ± 0.11 mag, suggesting again the modulus of 18.50 mag, but now with an uncertainty increased to ±0.15 mag. On the other hand, the alternative approach of the HST SN1987A "light echo", which attempted to put the LMC distance on a more fundamental basis, also yielded some discordant results. Panagia et al. (1997) and Lundqvist Sz Sonneborn (1997) derive a true distance modulus of 18.58 ± 0.05 mag and 18.67 ± 0.08 mag, respectively. In contrast, a very recent reanalysis of this expansion method has assigned an upper limit of 18.44 ± 0.05 mag (Gould & Uza 1998) . Then, it is clear that all of these LMC distance modu-lus determinations are consistent, but to within ±0.15 mag, to fully encompass the range of recently published values.
A relevant success of the Hipparcos mission is that other distance estimates to the LMC based on a wide variety of methods are reconciled with the Cepheid-based distance scale. These include the RR Lyrae distance scale (18.65 ± 0.10 mag, Reid 1997); the Mira distance scale (18.54 ± 0.2 mag, van Leeuwen et al. 1997 ) and the Galactic globular cluster distance scale (18.60 ± 0.07 mag, Gratton et al. 1997 ). However, this short updated review also emphasizes that, in spite of the relevant efforts for improving the determination of the LMC distance, it remains as uncertain as ±7.5%. Furthermore, there are no really fundamental approaches to test whether the PL/PLC relations in the Galaxy and in the Magellanic Clouds are identical. More important, none of the devised methods are fully model-independent to ensure a genuine fundamental value of the zero-point of the extragalactic distance scale. This directly translates into the final accuracy of the Hubble constant HQ.
THE ROLE OF GAIA
The scientific relevance of measuring fundamental Cepheid distances with an astrometric mission such as Gaia centers on the promise of a complete revision of the Cepheid-based distance scale. With Hipparcos, such revision has just began as trigonometric parallaxes were limited to about 1 mas for stars of V < 12 mag. Significant improvements are expected with Gaia as current accuracy estimates predict parallaxes good to 3-5 //as at V = 12 mag and to 8 n&s at V = 15 mag for a mission of 5 years. These limits allow distance determinations to individual galactic Cepheids to be derived with relative errors of less than a few percent up to 10 kpc.
As for the Magellanic Clouds (LMC and SMC), all of the brightest long-period Cepheids, which carry most of the weight in the HST extragalactic distance scale programs, will be measurable with very high accuracy. Indeed, there are about 40 Cepheids with periods in the range 0.9 < logP (days) <1.8 and apparent intensity mean magnitudes 15 < V < 12 mag in each of the two Magellanic Clouds. These Cepheids are expected to be at about a constant distance of 52 kpc, or p -19 /zas for the LMC, and of 63 kpc, or p = 16 ^as, for the SMC. Then, their individual parallaxes will be available with an average error of ~ 30% (LMC) and 35% (SMC), which should allow direct (absolute) distance determinations to less than 5 % from the overall sample of LMC Cepheids; this is what is expected for the final error on the calibration of the (absolute) zero-point of the extragalactic distance.
How does Gaia compare with the results expected from the NASA astrometry mission SIM? Current accuracy estimates on parallax determinations with SIM predict 4-5 //as at V = 20-21 mag. Since the astrometric precision is the critical parameter in measuring trigonometric parallaxes, and this appears approximately the same for both missions, there seems to be little to gain from the fainter limiting magnitudes of SIM in terms of final errors on the distances to our nearest galaxies, LMC and SMC, other things being equal. Cepheids in the nearest host Galaxy (NGC 6822) of the Local Group are as far as ~ 10 times the LMC distance. This means trigonometric parallaxes with relative errors Air/ir 1, which would be of little individual value.
